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itmm i ] 

[ff 2 ] 

mtBv y a ym^^^mM^K it^j&JM^ft^K: ho -c, o s f y > mtu^ 

N v %1?itsZ. b ItWfifc h~f~Z> If 1 t~f2f££tLf"y 'J 3>^ B B Ho 
3 ] 

N v Sit ~f 2> Iff *il 1 KSBSft £ ^ v U 3 >m$BBo 

umm 4 ] 

tufHv V 3 yip.^^ C u 1X10 1 2 atoms/cm 3 t 

^#mti-*ff 1 75SI**iI 3 WftL^ 1 ft v 'J 3 yip-ISHo 

5 ] 

TtfflBy 'J 3 >^.|§ H B H ^)|i:tl^\ 2 0 0 mm£lltW: fc ^rWtt i"Sff^I 1 

4 OV»i**L*» 1 H^iB*c£ ft/c V 'J 3 y #|£ H B Ho 
[fit 6 ] 

itM i Tbmm^m 5 ov^-rt^ 1 iiiciEm^^^ -> y 3 >#is h b h ^^^$^^ -> y 

Zm%kt1r&^i) 3 y v ^-^o 
[It #31 7 ] 

It*:® 1 TbMW^ 5 <D^-ffcfr l ^^la^^tLfc y'J 3 >#M H B H ^r Q ^^ tt^v y 

^y^x-At^ot, ttiis v j. - ^offfi I'lS^P^fiB^ffft L & v> & & t 

[If 8 ] 

Ttfiffiy y 3 y >> x -yN<75^Pfi«c7?— O S F 'J y y*^1!ION v ««T?*« i £ 

9 ] 

TttTfBy 'J 3 y<> a-^oXRi®***> 9x-^I(:lot, OSF'J^^flWNv 
- t ^#mti-*|f*J16 t/;lii*a7 ^lam^tLfcvy 3y^x-yN 0 

[fi^is i o ] 

TtufEy'J 3>^ x-^^OC uflftffi/5 5 \ 1X10 1 2 atoms/cm 3 ^M^fo&Z- 

1 4: #m t -r %> ft^Ji 6 jbmrn^m 9 ^-r tt^ 1 m Kmm. $ a*: *> y 3 > v ^ - ^ D 
[itjjts 1 1 1 

1 0 0 0 t£J±^i^t«fflt ^SKIIEfn^C u 1 p p bJ^T-?& «5 > R^M-ffi 

^mp^m^i 0 0 o°c*?i<7)^^j£ffli-^s^mfi5B a ncoc uM^i 0 P p b 

1 2 ] 

ifflB#lt H B H W^^i*i^^mi-^^®Xt/f[5 n n p^\ c u t (D-etbZz 

1 3 ] 

If^tJll 1 £fcl±lt3&gl 2 ^|a«$ttfcvy 3yffe B a H olMt?:fflv^, y'J 3 

1 4 ] 

y'j 3 y#it H B H *W^i-^^^. ^PiM^l§ H B a ^fttt^iS]^±tt'i:oTO s f y >if 

3 ^fB«^tL^y 'J 3 y^.|§H B H^^y^feo 
1 5 ] 

> y 3 y#^ H B H ^t^t^ii:, ^PiS«^ H B H ^S*^l^^it^ao T O S F y > V 
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[If J&S 1 6 ] 

frlB« H H H W»O^Pl*lK^p a p^yt?f1-^Pt^, f*i£K7&**?* 1 0 0 0 W^lfl 

mm-emmzft % zmwttir&m^n 1 3 jbmm^ 1 5 <D^-rti^ 1 jikibsks 

[f»*ll 1 7 ] 
[ft 1 8 ] 



H^^jg 19] 

Ttrnw^w^:)? 3 ^ ^ i o o o &±.<Dm.mmm~tmir & - 1 

1 3 TbMit*^ 1 8 wriifr i m^mmzfifz -> y >#i B 3 a <7)SiMo 

[It^UC 2 o ] 

o m h h h W ^ 1*1 A 1- £ ^ tt # * O -it ft £ Jg. *£ & W B# O aE ft JBJL ± L £ « Jjg T? , 

3 B#raj^±jfe«i-& d fc -r -stt^Ji 1 3 ibmm^M 1 9 ©v>i**t*» 1 ^kse^s 

[HI 2 1 ] 

[if ^ 2 2 ] 

[Iff^il 2 3 ] 

[m^s 2 4 ] 

*tl*©«3&3fe1Io 

[W*3S 2 5 ] 

1 1 RXm$C& 2 3 afctfKltJfc:® 2 4 K|B«3 *L7tSg<*> 7 ^ ^4<tt2o 
[ft*^ 2 6 ] 

- ^tftt^ v y 3 >#.|S H B a com^ffio 
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[0 0 0 1 ] .... 
f - a ^ 9 Jl'** — (Czochralski Method, MTC 



L R 



[0002] _ 

Mfttm £ * "C -> V a > Mh h h 4: W $1- * C Z < *H tL T v> & o 

[0 0 0 3 ] 

*^rt*A r^<*>?FflH£:*r Lfc&fc^ ^ >7 ** <T> MM )SJ H H S£S£ £ ti M - 
* <9 1 4 0 0°ca±^i«?U^Mt-CiF4sl-*«-r^o ^Lt, l^MJSfit^^Jt 

[0 0 0 4] 
[0 0 0 5] 

v V n y#*t H B H O®7t<7)l^^#^ H H H lC^A^tL^>^M^C0-^^#I (Cu) ^ 
[ 0 0 0 6] 

o $t ffi ab * £ K -e ffi m & It H a H ^ Pfi tf ? H $ S *l S i * f * «9 M S t * o T v > ^ 0 
[0 0 0 7] 

[#It» 1 1 #M¥ 6 - 1 6 4 9 5 ^-<2r# 
[#fP^CK2 ] #PJ¥ 8-337493 
[#I«CM3 ] §»¥1 0 - 7 4 8 8 ^-<2r«. 
[#It^m4 ] #12 0 0 2 - 6 8 8 8 6 ^teW. 

[f&fcVtXWl 1] Journal of The Electrochemical 
Society, 149 (1) G21-G30 (2002) 

mmm^ik l x $ t -t & mm] 

[0 0 0 8] 
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mm * mikir & tz ®<D^m 

[ 0 0 0 9] 

V 3 (W*« 1 ) o 
[0010] 

jftlK J: 15 & * *> 'J a >Mb b b Lti^:Cu WWW * iBH tt^OSF ( O 

xidation induced Stacking Fault: mWs1@MWl KM 

[0 0 1 1 ] 

friav 1 ; 3 >JM£,s<&&Hg«iJw*, ^ H H H ^tt7jfa]^:it^SoT, osfu 

7fr\-ffl co N v « £ •a'tr & fLldf, «M H B H^CPi Ofta6T^ft v»N v 

5&&Lfv>feC u!|ffflJ»i:feHt41t*lSftO S Nv«*-eML4v>4©ii?l 

[0012] 

t fc, t&iav u 3 >m^.ii<7^rai^ fe H H M»*^i^iciot, o s f v > ^ 

fl-DM <0 N v & - <h ILv^ (If 3 ) o 

iOi^i:, v U 3 >#^ B B H<o^pgfIit^\ MH B BJSft$4^fS]^^S^ "C, OSF'Jy 

fc«Kfi&fc$&£LT:i>7tC u#fffiWfcj&B1-£^*£0 S F^\ M H B H J^^lft/^rfi]^t: 
> ^fll* 3&*HS v> v U 3 >#fe H B B fc -e § h o 

[0 0 13] 

4 fc, TtfffBv'J 3 ^^.jjg^tfj <oC ul^^, 1X1 0 1 2 a t om s/c m 3 *S|t?<b 
£ iLv^ 4 ) o 

i CO J; -5 v V 3 >-ijM£ H B a tf CO C u ift&id* 1X10 1 2 atoms/cm 3 *#|T?* 

u^m%^feH1-£OSF&#l£L&v>&<otT~§&co-c\ i£^t#^ ^|n]±u 

[0 0 14] 

ttrlBv 1 ; 3 0 0 mm£l±t*5 £ tiffifr t (M^S. 5 ) 

i^j;^:, v U 3 >#|t H B H cOift@^ 2 0 0 mmjaitta - £ X *) , «y'J 3 > 

bh nMmm co ^ca< b K # 3 a#* co if ;k C± o r rtfl&fcW Sh h & »t t v > c u m 

MMtiifc^iiOt, SJit^t 19 t&*IrJ±U ^E»coffivMg:3X 
SS^Pgy U 3 > Jp-Mdl kT?IJ. 

[0 0 15] 

IB ? x. -^(DigffiRlFftU CCu #f til W**OTs L^v>^><o-e*^)^t* #m tt^y'J3 

[0016] 

-9 fufBcov^-fti^cov V 3 yfgB^^IS^ifcy'J ny^i-^t?*,-, 

ffifE#2 005-3018171 
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<< 7s OiBi#® £ *) ift V> <D t "C § & o 
[0 0 17] 

Jjt, ±12© y 'J ^ y f |S 0 B a /i^ Hi $ ii/-> 'J ^ ^ x - ^i:^ o T , fu 

IS x - ^ OiTS £ «^?[b| y\fil tffefe L&v^o-e&£C:fc£ fcti^'Ja^'J* 

[0018] 

T, ^ i - ^ n O SSM vv Pia ^ L 4> v ^ o ii (i\ x ? ^ > * - 

OteTOffiH &3^f^?IWiHrt s #&L&v>o-e\ ij a*|fij± U fell 

&ib\ £df v»?3HB2&iH&RSi:t±. y'J^TO [l 0 0] UfaRTf [110] 

[0 0 1 9] 

d oj#£% mis > o a > * - ^o^fi-wo— osf'j> ytvw »nv mst-c 

Z.<D£*)K, y'Jn^i- / n <7) MiSfMO — SBt&s, 0 S F 0 > 7~M\ ON v ffiifc-C * 
S i*?BrJS ftOSFfiK N v tM^H^ L^v^Wt-C'l, WtikBfflE.&&ti*fc < > p - n 

*j * y 7 is a y y - * ©#&&a*Hiih $ *t, f fc&gtf b&s Lfcii:Nv «J*owa-caft* 

[0 0 2 0] 

ifc, misvy ^^-^o^psm^, fi-^icioT, os Fy 

CO £ a Ci/'J n >>> i-^O^Rgffi«^ ^x-^ICIot, OSFW^fl 
> @MbMi&J±#t±^i« < > P - n v> > 7 V a > y - 7 <D^^m± £ £ fcafcBMtgfe 
[0 0 2 1 ] 

££\ HfrfSvy 3 i-yNtfOC u Wtttifi^ 1X10 1 2 atoms/cm 3 

7& s Sf£ L 10) 0 
icoi^C, y'J ny>x-;Mt©C u?ft^/5 s 1X1 0 1 2 atoms/cm 3 *Sife 

&tui\ c u^jftB%^«^P^Pfl«^^^L*v^>y 3 fc-r* i t&-c 

C u tB!|i:feHt& O S F fcM*^ ^--f -f ^fcftWSfLfcv* <7>fcT?£ * 
'Jny^x-^fctl^o 4 /i^fcflXll-J±#tt^ < „ p - n i? \ > 7 *s a > >J - 7 <D§£ 
[0 0 2 2 ] 

f/^ *H^J±, f h ^ 7 JVX - g C J: I) y 'J n >f g B B H OSIitt^ o t , ip-lf 
B B H f 1 0 0 O'CJgUiOfflJ^-C'Rffi-f &^»«85&WC u««**l p p bJSlT 

T?*^ J.o#«SSHT^I*lSiK* s l 0 0 0 < C*pOf|5^^ffli-^S^S^p n nOC u?* 

BE** l o P p b JBJLT-c** £ t *m%kt-r& v"J n yJ^iF H oi!J^fi£$itt1-£ (If* 

an) o 

[0 0 2 3 ] 
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z<d£ d m^^^P^um^ i o o ov&,±<Dm^xwt^^m^^^c u 
Wk&wi p p b «k ioiooo v^mouftxi&m-r&^mu&^c umm 

-> v n ^#^ h b h ecu mm® L%^mmomznfeztitz & <dx~$> & ot% 

[0 0 2 4 ] 

©t^:Hf IL^ (ita l 2 ) o 

, C u ^g^ftt:ttf & <Wfflv> ftf § £ lib <D C u fc)g*MBHc ^-i 4- & o 

[0 0 2 5] 

^ii ^ftt^y'J ^MiwTOS^Sit^ 1 3 ) o 

[0 0 2 6 ] 

„ $5Lit^§ $»)lSS<flS;3.*h Sit § * o 

[0 0 2 7] 

SF'J >^ffl<7)Nvfit^^tfJ;^ tfrf B v- v n >- Jills H H H £Wj&-f£ :i)i«jfS Lv^ 

(»3fc® 14) „ 

^^«/6 ? |g H B H j^^W^|S]^:it^ TO S F'J > ^«ON v fflHJ 

5&^t^c u^fmm^mm tsiM^o s f^\ NviiitTii4*f> zhizmwiftyk 

[0 0 2 8] 

V > ^ffiO on v flit ^^i^;, |ff|fi~> y a vjjMgFi, £ w Jfc-f ^tflflL v> (if 

1 5 ) o 

to J: ? fc, ^Rg|gJ«3&*«f*jS*«l*lRl^«^ Mo X 0 S F V > ^iWN v fJtt^; 

& j: r> fc->V 3 y^sl^t^twf, IS B B H ^:PfSoS^-c^4v^NfIit-rf^ 19 , L^fcflG 

*N vfl^MKfi^^LfcC u*fffi%^j©Hi-Sii5*JS=S:0 S F^\ |£ H B B J&ft*l73 IrI 
[0 0 2 9] 

om^mmxmm^^^ ? i^ii lv> crafts i 6) 0 

iOJ:^, IISOi»^^^Mp D n, (HZ) f|5 n D n 

SB* fc, 1 0 0 0a±«lfl»if^ &xJ2\ ^rt5»*3&* 
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[0 0 3 0] 

ifc, ->V 3^#jftfiSrir«Lfe|fe^, 1 0 0 0J-:Ui^FW*-ChUp5 

0 0 0mjico^rtiE^^pfBM H H B W^^^HZi|5 n n n ^V«f U RJ*» L?iHZ*|$p a p£J3 
V^^Wv' V a VJjMSiifcWjS-f *U;T, H Zf|5 n D n (7)^t^iii-t'§ * t t & ^ Sl*]^ 

[0 0 3 1 ] 

tit, mummfcm&zmwir&mK, c u £jfc*mK#£ tv^j^M^ra 
* msmm * -ete ffl s tt & rax* a c u * jk *m t -r & k ffl v ^ 

[0 0 3 2 ] _ 

tti. tria^jfeaw*^*. »*JK3&*^9^ i o o oa±^ M ^ i£ g -r & ^ ^ tf s 

$f£Lv> (ff^l 9) o _ 

^0 0 3 3 ] _ ^ M 

jg-c. 3 nm\>x±MW.-t%> - 1 tv> 2 0 ) „ 

L^it^ 3B#^m±m«1-tL{f, W^#|t H H H ^!9ttlL#c7)^^HZf|5p a p^Cu^ 

&5£frfcfc UTfc, ^^^^CuWffl^^^^tL^v^ffitc^-eHZ^p^^vt^bi- 

[0 0 3 4] 

miiE# 2005-3018171 
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[0 0 3 5] 

v^ 0 t fc, jfc«i#iHi^nriBfcrau-e*ao 

[0 0 3 6 ] 
[0 0 3 7] 

JMtfiWjfc^H Z«&n n B £?tflM-&l&^ 1 0 0 OmJicO 

rt^^^vtii-^ab^OtrMfi^C u^-t^ * ;v & j|E i& T 4? & < > ii^CHZSSnn^i 

<b C u t:J: *) f^feS tL* v> 0 |ot, v 0 3 ^bTO^WC u 
OT, C u$TffiWV3^W^f% it«^LTiCum^BttSOSF 

< it^fttt^ l o 0£lTtfSW^gi Lv^o 

[0 0 3 8] 

-> U n >#ISH B H ^m^m^»-f * (St*® 23) . 
[0 0 3 9 ] 

[0 0 4 0] 

*Hf^HflliLf>fLfeH3E»i!IS!8©Cu*JK75*l 0 p p b £IT« £ 

[0 0 4 1 ] 
[0 0 4 2] 

miE# 2005-3018171 
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Ktm x<d mm zn* *> Ij&rv h z ^ps, «r»»&sit«^» »-r * 

If 26) o , ^_ „ 

jhi - a £ £ a*"*? § ^ o 

[0 0 4 3 ] 

v y 3 >#^ H H H T'*tL(f , -> u 3 ^jmsh*^ c u mm& lXlO 1 - a 

toms/cm 3 *l^i^t\ fe&fMfttimte MfcX '> 'J 3 >Mi H B H 

fbfliOllti±#14^ < > £ £7*^4 Xf^«Xe^*5V>TC u*f ffil&fc&H L/c p - n 

v y z v a > 0 - * (DH^^l^ih $ ittz & (D t x § , C u mM^^^MXm^-r^ 

ml. c umm%^MJ&zffi±x£&m£&wii&mw:tx£& 0 

[0 0 4 4] 

S*T^&v>4cRS1gj*i 4otv^ y'J ^ >#.|§ B B H ^i3V^"C. £ fp§£ L 0 3 > 
V -^coOT K*S «j£t?ft#KKi|§ Ji&I^SSfSS *l& - t 0 & o T ^tz 

^^^-•C8B56Lfc*, ftSfKfc^-T 1 * LTMJ£*l&o iOftWKa^-x -r 
? ;v itff&t S ^ ^ - ^ {±^° - ?;v^&h#iJ^£;!xT^&n n n "C\ LT 

[0 0 4 5] 

(1) ^o^ H B H ^Piti#^ H B H wMfM'Sv^IJt^^-t-S?tWM*"Ci^ < ^ *<o&£lM 
tit 2 o %jgJK"e*o^ 0 

( 2 ) ^-^4 ? frjj ^ y$- (#iJx.S£KL AT^3-^ttStIS£SlS P D W 

(WiifV-f-f '7 7tI«MAG I C S (iSM) ) K is it* Mi"? 

t±, ^RBffi«**N v«* (NffiitO n *>, 0 S F U > ^1" Cfl-fll •> > 

?L***3-f**^^PS1"*1B*ft) Wf^^O >^t'±iait H B H ^Pfi75 ? ia^$^, Ni« (N 

So HI 1 (±±IBO V-^-ISfM*ffiv^T^^-^OT^It B B H ^i<7)^Sr«l«L7clll-tr 

(3) iia^^-^^^mf^s-rs ^Nvii^iWtcos f 

f£# 2005-3018171 
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[0 0 4 6] 

*|- »HJ5#^«. i^<S^RI^IE# J £:^§Jti6*^ TEM (T r a n sm i s 
sion Electron Microscope, Willl^IIti) 

(1) ^x-/n$ii:i±, -> u n > # g B B H © [ i o o ] ^ ifiis ^ [ 1 1 o ] t t # ^ ^ 
»5gt< «#ac&^«to r«£#o^RSJ * $ i&m§tL^o ttz, z.<d [mmm^m] 

(2) -g-LT, ^x-Aco;^^^i:i±, mK<vxmmmznfr° m3«, tem£ 

ffl v » t II £ L tz > * ;v * r£ <£> it ; 1£ & PfS <75 ^ n -e $> & o 

[0 0 4 7] 

(2) -fit, SWfttJ i fc^-t Di^^^-MMW^^^t^Nvi 
(4) S*bK. ^^xw^lcfttCJ:^ SI^ C u ff Hit^i* § M> t * C 

^ijiilgg, fc#^.3to 
[0 0 4 8] 

|§B B HP a n®^f^i"^^^-^^^^^^^^ I2I ^ a " cv ' /:: ^ ^^^^ t<7)HZ^ n °i: _ 
BLfco ^LTHZf!5 n n n O^B#M^±fB^ H B H ^Pfi^^^^M^*W L/::t 
rtiBStfU 0 0 0"C*^coJ:bKKlMcof^^B2S$tLTV^^mSI5p a n, fUx-if*^* 

i#f^it»L/:o Sfcfc^ *ftWf ^li'^'J 3>*«fi + °C u»K**l x 1 0 

1 2 a t o m s / c m 3 JeJLhfcfc* fc±fa*&iIf,XRia , l&&1 _ * - ^ fc^ti* 

[0 0 4 9] _ „ . 
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iMte*** & r k £ j^ffi L fc 0 /=fcra ^ J 

[0 0 5 0] 

«B^# 14, mnmHK iot'V'Jn C u /F#Mfe**3* "5 

t ^v^cotl-iUf , y'J a >$g|«C u *^ £ l^ltl" & ^ k rt s -C £ & k#x<b*L&o 
[0 0 5 1 ] 

d ktf«fiHBLfco 
[0 0 5 2] 

ttftS5fitf>#Sg"eit#*fTfc 5 *K :©i:ISR?)Cu VOl^'ft v> k H Z ij|5p n n 

[0053] ^ 

fc, H z^ n n p^*mi-^l^^ffli"^»M*^t&XA^^^1-^^S^* «J , 

[0 0 5 4] 

7||, ^t-^^MUTHZ^p^^Jjn^-f^- k"C, HZiKpWXu^^tffck 

ui, i «fccu *f $ tite^mm fc z -ch z ^p n n ^Tt^b-r & - 

^ *S ii ^ x_ 7c o 
[0 0 5 5] 

XRg £ IftiL-T * i k /^-e § & £ k KWM L , * ^ £-^fco 

[0 0 5 6] ^_ ^^ na 

l4£*L&fc|R£3*t* fcOTttfcv\, 0 4(4, *WCZfti:J:4'>V 3 >^.|§ h h h O^ 
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6 3&*5^»^' ^ 5 O^fll £E1t $ fix v> & o 

[0 0 5 7] 

ijn> *■ Jnii U v#ffi!li Lty'J 3 Atir^tz fecolf&g^ifli - * 7 ^g^tLT 

7 £ $ t - * 7 L , ^ H B H y'J3>$: L & K , V'Ja > ill! 
?fc4 oaUK^^faott^fiiWLT^U ^ >j|M£j|3 <7>WJ&£HI& £o-C&& 0 

[0 0 5 8 ] 

^ t - ^ 7 1 w# i <o n k »± , ^mMO'pm l wjsfc 3 ** i ^ 
#ui, ftnfft t - * 7 &e> MRtomz J: ->'J3 ^^.ttsw^WFt-^tt^wa^Jn* * 

[0 0 5 9 ] 

9 *frV^W®8hfflfo 1 9 a Hjlv^f[5 n H n Hov>T^, t£3til±^&*9> C 
[0 0 6 0] 

[0 0 6 1 ] 

— Tjs 1 ^#«5 k W\ 'J^rt ae>53£^ 9 ^iWIS fit 2 l **t8:»t 

€>tLTV>* 0 tLt, y'J 3^ijiflt4 36*e>3IS±»f6ttfc5/'; n >ijf.|£ H B H 3 £JR#L3fc»5 
tBi"/iJ6> T'f VU-ya ys^JU ~f 2 2 «r^LT±WW^ 2 LXWW:ZfhX^& 

[0 0 6 2 ] 

WJ^'^^# 1 ti, ->'J3 4 j&» 5 1 § ± If *t^: h b h 3 =Sr lit S 
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